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SYSTEM RESPONSE TIME, OPERATOR PRODUCTIVITY & J O B  SATISFACTION 
CR C a t e g o r i e s :  H.1.2, H . 2 . 3 ,  H.4.1 
ABSTRACT 
T k l s  s t u d y  examines t h e  impzct o f  o n - l i n e  sys tem r e s p o n s e  t i m e  on CRT 
o p e r a t o r  p r o d u c t i v i t y  and j o b  s a t i s f a c t i o n .  It was p r e d i c t e d  t h a t  i n c r e a s e  i n  
r e s p o n s e  t i m e  would a f f e c t  t o t a l  t r a n s a c t i o n  volume and t o t a l  e r r o r s  a d v e r s e l y ,  
t h a t  i s ,  t o t a l  t r a n s a c t i o n  volume would d e c r e a s e  w i t h  l o n g e r  r e s p o n s e  t i m e s  and 
t o t a l  e r r o r s  would i n c r e a s e .  T o t a l  p r o d u c t i v e  t r a n s a c t i o n s ,  t h e  d i f f e r e n c e  
between t o t a l  t r a n s a c t i o n s  and t o t a l  e r r o r s ,  was expec ted  t o  d e c r e a s e  as 
r e s p o n s e  t i m e  i n c r e a s e d .  Opera to r  j oE s a t  i s f a c t  i o n  was a l s o  expec ted  t o  d e c r e a s e .  
The s t u d y  conf i rmed t h e  p r e d i c t i o n  w i t h  r e g a r d  t o  t o t a l  t r a n s a c t i o n s  and 
p r o d u c t i v e  t r a n s a c t i o n s :  bo th  d e c r e a s e d  as r e s p o n s e  t i m e  i n c r e a s e d .  T o t a l  
e r r o r s  a c t u a l l y  d e c r e a s e d  as r e s p o n s e  t i m e  i n c r e a s e d ,  up t o  t i m e s  o f  12 
seconds ,  L%en r e s p o n s e  t ime  exceeded 12 seconds ,  e r r o r s  i n c r e a s e d .  The impact 
o f  r e s p o n s e  t i n e  on p r o d u c t i v i t y  s u g g e s t s  n e a r l y  a l l  t r a n s a c t i o n s  s h o u l d  be 
completed i n  12 seconds  o r  l e s s .  Beyond t h i s  l e v e l ,  t h e  o r g a n i z a t i o n  i n  t h e  
s t u d y  s u f f e r e d  s e v e r e  p e n a l t i e s  i n  l o s t  p r o d u c t i v i t y .  A r e l a t i o n s h i p  was a l s o  
found between i n c r e a s e d  response  t i m e s  and reduced j o b  s a t i s f a c t i o n .  
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IITTRODUCTION 
Over t h e  p a s t  s e v e r a l  y e a r s ,  many companies have implemented on- l ine  
computer-based informat ion  systems. With each such implementation, p r ev ious  
manual o r  computerized ba t ch  process ing  methods used t o  p roces s  t h e  same d a t a  
a r e  d i s con t inued .  Once t h i s  occurs ,  i t  i s  g e n e r a l l y  no t  p o s s i b l e  t o  r e v e r t  t o  
t h e  o l d  procedures .  The r e s u l t  i s  i n c r e a s i n g  dependence upon on- l ine  computer 
systems.  
With such dependencies and a growing community of on- l ine  system 
o p e r a t o r s ,  u s e r  groups become i n c r e a s i n g l y  s e n s i t i v e  t o  response  t ime  and 
system down t i m e .  Slow o r u n a v a i l a b l e  systems i n t e r f e r e  w i t h  a group ' s  
p r o a u c r ~ v l t y  - t h e  a b i l i t y  t o  complete t h e i r  work on a  t ime ly  b a s i s  ( S t r e e t e r ,  
1975).  I n  a d d i t i o n ,  many u s e r  department managers s t r o n g l y  b e l i e v e  t h a r  poor 
response  t i m e  has  an adve r se  e f f e c t  on t h e  job  s a t i s f a c t i o n  of  o p e r a t o r s .  
The c o s t  of u s e r  j o b  d i s s a t i s f a c t i o n  i s  p o t e n t i a l l y  h igh ,  s i n c e  g r e a t e r  
t u rnove r ,  lower moral and a  lower w i l l i n g n e s s  t o  pursue company o b j e c t i v e s  a r e  
be l i eved  t o  r e s u l t  ( S t r a u s s  and S a y l e s ,  1972). Absenteeism, t a r d i n e s s ,  l o n g e r  
lunch  hours and c o f f e e  breaks  may a l s o  occur .  There i s  a l s o  ev idence  t h a t  
d i s s a t i s f a c t i o n  wi th  conputer-based systems can l e a d  t o  r e s i s t a n c e  t o  t h e  
system on t h e  p a r t  of u s e r s  o r  even d e l i b e r a t e  sabotage  (Lucas,  1978). 
Apparently,  j o b  s a t i s f a c t i o n  i s  a l s o  an  important  f a c t o r  i n  bo th  t h e  p h y s i c a l  
and mental h e a l t h  of workers.  (Locke, 1978). 
PREVIOUS RESEARCH 
Miller (1968) hypothesized t h a t  i f  system response  t i m e  i s  de layed  more 
than  a  few seconds beyond t h e  t i m e  when t h e  o p e r a t o r  i s  ready t o  begin t h e  n e x t  
t r a n s a c t i o n ,  o p e r a t o r  performance w i l l  d e t e r i o r a t e .  That i s ,  t o t a l  
t r a n s a c t i o n s  submit ted w i l l  d ec rease  f a s t e r  t han  t h e  r a t e  sugges ted  by t h e  
l onge r  response t i m e .  A t  t h e  same t i m e ,  e r r o r s  w i l l  i n c r e a s e .  
k number of a r t i c l e s  add re s s  t h i s  t o p i c  bu t  on ly  a  few a r e  based upon 
empi r i ca l  evidence (Carbonel l ,  1968; Didner ,  1970; Nickerson et  a l ,  1968;  
Shackel ,  1969; Parsons,  1970; Boies and Gould, 1971).  N o r f i e l d ,  e t  a 1  (1969) 
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r epo r t ed  t h a t  o p e r a t o r  response  t ime increased  wi th  system response t ime,  
suppor t ing  Miller's hypothes is  and Boies  (1974) and Williams (1975) confirmed 
t h i s  conclus ion .  
Williams (1973) determined t h a t  mean response t imes  of two and four  seconds 
were " t o l e r a t e d "  by s u b j e c t s .  When subj  ec t ed  t o  mean de l ays  of e i g h t  seconds, 
most i n d i v i d u a l s  used a  pre-empt f e a t u r e  t h a t  r e s u l t e d  i n  an immediate system 
response.  H e  concluded t h a t  "some t y p e  of ope ra to r  c r i t e r i a ' '  was exceeded by t h e  
e i g h t  second response  time. 
Mi l l e r  (1976) v a r i e d  t h e  output  baud r a t e  (1200 o r  2400) and t h e  v a r i -  
a b i l i t y  of o u t p u t  i n  an exper imenta l  s e t t i n g .  9 e  r e p o r t s  t h a t  t h e  baud r a t e  
made no d i f f e r e n c e  i n  problem performance measured by time t o  complete a  t a s k ;  
however, i n c r e a s i n g  t h e  v a r i a b i l i t y  of t h e  output  d i s p l a y  r a t e  r e s u l t e d  i n  
decreased performance and poor u s e r  a t t i t u d e s .  
Goodman and Spence (1981) found t h a t  v a r i a b i l i t y  i n  response t ime d i d  n o t  
a f f e c t  s t u d e n t s  i n  a  problem-solving experiment,  However, t h e  t a s k  r equ i r ed  
f i t t i n g  a  l i n e  on an i n t e r a c t i v e ,  g raph ic s  t e rmina l  and t h e s e  r e s u l t s  may n o t  
g e n e r a l i z e  t o  t h e  commercial environment. 
Wi l l i ges  and W i l l i g e s  (1982) found that inc reased  system response  t ime 
adverse ly  a f f e c t e d  performance i n  an experiment w i t h  s u b j e c t s  updat ing  and 
e n t e r i n g  personnel  r eco rds .  
Most of t h e s e  s t u d i e s  sugges t  t h a t  a t  some p o i n t ,  response t ime i n t e r f e r e s  
w i th  t h e  a b i l i t y  of o p e r a t o r s  t o  work a t  t h e i r  own pace. Thus, when response 
t i z e  is  excess ive ,  bo th  p r o d u c t i v i t y  and j o b  s a t i s f a c t i o n  a r e  a f f e c t e d  adve r se ly .  
Unfortunately,  most of t h e  a r t i c l e s  c i t e d  have shortcomings. The only 
s u b j e c t s  used i n  t h e  Morfield s tudy  were Morfield and h i s  t h r e e  a s s o c i a t e s .  
Both C.M. Williams and S.D.  W i l l i a m s  used t y p i s t s  a s  s u b j e c t s ;  none worked a s  
on-l ine system o p e r a t o r s  on a r e g u l a r  b a s i s ,  Slow speed (300 baud) t e r m i n a l s  
were used i n  some of t h e  r e sea rch .  
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Most o p e r a t o r s  i n  i n d u s t r i a l  s i t u a t i o n s  encountered by t h e  a u t h o r s  u se  h igh  
speed (1200 t o  9600 baud) Cathode Ray Tube (CRT) te rmina ls .  CRT t e r m i n a l s  a r e  
s i l e n t  and g e n e r a l l y  d i s p l a y  an e n t i r e  sc reen  of inforinat ion (up to. 1920 charac-  
t e r s )  i n  one s h o r t  b u r s t .  It i s  no t  c l e a r  t h a t  r e s u l t s  der ived  from t h e  u s e  of 
slow-speed mechanical  t e r m i n a l s  a r e  n e c e s s a r i l y  a p p l i c a b l e  t o  systems us ing  CRT 
t e r m i n a l s  (Prokop and Brooks, 1970).  
Che s t u d y  t h a t  u t i l i z e d  CRT t e r m i n a l s  concluded t h a t  r e s s n s e  time had no 
impact on o p e r a t o r  performance ( W i l l i a m s ,  e t  a l ,  1976) , Unfor tunate ly ,  non- 
t y p i s t s  who were unfamil iar  with t h e  use of on- l ine  systems were used a s  
s u b j e c t s .  Opera to r s  of most on- l ine  systems both  type  w e l l  and develop 
s i g n i f i c a n t  s k i l l s  i n  t h e  use of t h e i r  system. In  a d d i t i o n ,  they  u t i l i z e  t h e  
system on a d a i l y  b a s i s  f o r  extended p e r i o d s  o f  t i m e .  Being t h e  major tool f o r  
performing t h e i r  jobs ,  it would appear t h a t  t h e  system, i ts des ign ,  performance 
and e a s e  o f  use  would have some impact on t h e  way o p e r a t o r s  f e e l  about  t h e i r  
jobs  . 
Considerable r e sea rch  has been conducted on t h e  r e l a t i o n s h i p s  between 
p r o d u c t i v i t y  and job s a t i s f a c t i o n .  'Ihe c l a s s i c a l  "huian r e l a t i o n s "  viewpoint  
sugges t s  t h a t  t h e  s a t i s f i e d  worker was a p r d u c t i v e  w o r k e r  (Wanous, 1974) .  
More r e c e n t  r e s e a r c h ,  however, i n d i c a t e s  t h a t  t h e r e  a r e  s i g n i f i c a n t  
d i f f i c u l t i e s  i n  s imultaneousf  y achieving high l e v e l s  of j o b  s a t i s f  ac  t ion  and 
2 r s d u c t i v i t y  ( K a t z e l l  and YankePovich, 1975) . 
The c u r r e n t  view t h a t  g e n e r a l l y  p r e v a i l s  is t h a t  j o b  prc lduct iv i ty  and job  
s a t i s f a c t i o n  have a r e c i p r o c a l  r e l a t i o n s h i p ,  wi th  one r e s u l t i n g  i n  t h e  
o t h e r .  The s t r o n g e r  r e l a t i o n s h i p ,  however, is  be l i eved  t o  be between 
p r o d u c t i v i t y  and job  s a t i s f a c t i o n  (Wanous, 1 9 7 4 ) .  I n  a d d i t i o n ,  t h e r e  is  
evidence  t h a t  e r r o r s  and job  a t t i t u d e s  a r e  i n v e r s e l y  r e l a t e d  (Walther and 
O i N e i l ,  1974) . 
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RESEARCH MODEL AED HYPOTHESES 
Research Model 
I n  o r d e r  t o  s tudy t h e  impact t h a t  response time has  on o p e r a t o r  product iv-  
i t y  and job  s a t i s f a c t i o n ,  the r e s e a r c h  model shown i n  Figure 1 was developed. 
Each box i n  t h e  model r e p r e s e n t s  a  measurable v a r i a b l e .  "System Response Timen 
is  t h e  ave rage  response time experienced by on- l ine  system use r s .  "To ta l  
Transac t ions"  is t h e  number of t r a n s a c t i o n s  processed per  terminal. per  day and 
" T o t a l  E r r o r s n  is t h e  number of  t r a n s a c t i o n s  r e j e c t e d  per  t e rmina l  per  day. 
"Operator P r o d u c t i v i t y n  is the  t o t a l  number of u s e f u l  t r a n s a c t i o n s ,  t h a t  is, 
t h e  d i f f e r e n c e  between t o t a l  t r a n s a c t i o n s  and t o t a l  e r r o r s .  "Job S a t i s f a c t i o n n  
is measured us ing t h e  r e s u l t s  of a  modified Job Desc r ip t ive  Index ( J D I )  
q u e s t i o n n a i r e ,  (Smith, e t  a l .  1969) 
The s o l i d  l i n e s  i n d i c a t e  the  r e l a t i o n s h i p s  i n v e s t i g a t e d  by t h i s  s tudy.  
The hypotheses  test  f o r  t h e  e x i s t e n c e  of t!!ese r e l a t i o n s h i p s  and t h e  d i r e c t i o n  
of any r e s u l t i n g  change. Tfie broken l i n e s  i n d i c a t e  r e l a t i o n s h i p s  t h a t  may also 
be p r e s e n t ,  a s  suggested by t h e  l i t e r a t u r e  on p r o d u c t i v i t y  and job s a t i s f a c -  
t i o n ,  Such r e l a t i o n s h i p s ,  however, a r e  beyond t h e  scope of t h i s  s tudy,  
The d i scuss ion  below d e s c r i b e s  t h e  apprcach taken  t o  t e s t  t h e  model 
i n  F igure  1. For t h e  f i r s t  t h r e e  hypotheses i t  i s  p o s s i b l e  t o  p l a c e  r e s t r i c -  
t i o n s  on t h e  form an equat ion  must t a k e  t o  s a t i s f y  t h e  a c t u a l  c o n d i t i o n s  under  
which o p e r a t o r s  work. There a r e ,  however, s e v e r a l  p o s s i b l e  f u n c t i o n a l  forms 
f o r  t h e  r e l a t i o n s h i p s  p red ic t ed  i n  t h e  model. The r e s e a r c h e r s  have chosen t h e  
most parsimonious equat ions  t h a t  f i t  t h e  c o n d i t i o n s  under which t h e  system 
ope ra t e s .  
Hypotheses 
Previous r e sea rch  and in t e rv i ews  wi th  on - l ine  sys t eE  o p e r a t o r s  suggest  
t h a t  i nc reas ing  response t ime a f f e c t s  t h e  dependent v a r i a b l e s  of t h e  model 
unfavorably.  
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, 1.) Total Transaction Volume. If response time was instantaneous 
operators would require less  time t o  complete each transaction and more time 
would be available for processing other transactions. If response time 
increases, l e s s  time is availzble for processing other transactions. 
RYTCTRESIS 1 - Total transaction volume varies inversely 
with system response time. 
w 
mere a re  several requirements for an equation to t e s t  Eypothesis 1 : 
1) No transactions w i l l  be processed from a terminal i f  
the terminal is not used. 
2 )  If Lie systen is "down," no transactions can be processed, 
f > I Job I -------- 4 Operator 
f Satisfaction 1 +----------- 
I 
- 1 Prcductivi ty 1 
f 1 f P = E (T,E) 
Figure 1 - Research W e 2  
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3) Response tine reduces t h e  tine a v a i l a b l e  t o  p rocess  o t h e r  
t r a n s a c t i o n s .  
4 )  T o t a l  t r a n s a c t i o n s  are limited by t h e  t o t a l  time a v a i l a b l e  
to  process t r a n s a c t i o n s  dur ing  t h e  measurement'period. 
Equat ion  (1) s a t i s f i e s  these four requirements:  
(1) 6 -YRT T = d A  exp 
Where: T = t o t a l  number of t r a n s a c t i o n s  p r  day 
& =  average  number of t r a n s a c t i o n s  processed per minute when 
response  time = O 
A 3 a c t x v e  d a i l y  terminal, time i n  minutes 
@ = f a t i g u e  f a c t o r  
exp = b a s e  "en = 2,7183 
= t ime  r a t e  of changeir,  number of rrsnsactions per day due to response t i m e  
RT = r e s p n s e  time 
(The u n i t  of measurement is t r a n s a c t i o n s  p r  day) 
I n  o rde r  t o  submit a  t r a n s a c t i o n  t o  t h e  computer, an i n d i v i d u a l  must spend 
t ime a t  a t e rmina l  e n t e r i n g  t h e  necessa ry  i n f o m a t i o n ,  If no time is s p e n t  a t  
t h e  t e rmina l ,  no t r a n s a c t i o n s  w i l l  be processed.  me s l o p e  o f  t r a n s a c t i o n  
volume ve r sus  a c t i v e  time must be g r e a t e r  than zero. 
T = 0 when A  = 0 (no t r a n s a c t i o n s  a r e  processed wnen a c t i v e  
time i s  zero) 
dT ( t r a n s a c t  i o n s  i n c r e a s e  when a c t i v e  t h e  
- >  0 dA i n c r e a s e s )  
?-at& a v a i l a b l e  time is c o n t r o l l e d  by t h e  number of hours per day a v a i l a b l e  t o  
p rocess  t r a n s a c t i o n s .  S ince  the t o t a l  number of hours  is f i n i t e ,  t h e  t o t a l  
, 
t r a n s a c t i o n  volume must be f i n i t e .  Thus: 
T = cr, when A = ( t r a n s a c t i o n  volume is i n f i n i t e  on ly  when a c t i v e  
t ime is i n f i n i t e )  
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w e r a t o r  a c t i v i t i e s  a r e  those  a c t i o n  such a s  "think" time and' typing time 
requ i red  t o  complete a t r a n s a c t i o n .  me maximum speed of  t h e s e  a c t i v i t i e s  
depends upon t h e  des ign of t h e  system (i .e . ,  how many f i e l d s  must be ccmpleted, 
how much r e s e a r c h  must be done by t h e  opera to r  t o  complete each f i e l d ,  t h e  
a v a i l a b i l i t y  o f  information,  etc, ) and t h e  typing s k i l l s  and i n t e l l i g e n c e  of 
t h e  o p e r a t o r .  Such f a c t o r s  de termine  t h e  va lue  of ", t h e  maximum number of 
t r a n s a c t i o n s  t h a t  can normally be processed per  minute by t h e  w o r k  f o r c e  using 
t h e  system. 
As the  workday progresses ,  t h e  e f f e c t i v e n e s s  of o p e r a t o r s  is g e n e r a l l y  
reduced due t o  f a t i g u e ,  lowering t h e  r a t e  t h a t  &bey p rocess  t r a n s a c t i o n s .  T h i s  
means t h a t  t h e  slo_pe of t r a n s a c t i o n  volume ve r sus  a c t i v e  time is  not  c o n s t a n t  
but  must dec rease  a s  t o t a l  a c t i v e  t ime  i n c r e a s e s ,  
d 2 ~  < As i x t i v e  time inc reases ,  it causes  a m a l l e r  
zc! and smal ler  i n c r e a s e  i n  t o t a l  t r a n s a c t  ions)  
If an on-l ine system is "down" (i.e,, n o t  a v a i l a b l e ) ,  no t r a n s a c t i o n s  can 
be processed and response t h e  can be considered t o  be i n f i n i t e .  
T = 0 when RT = CD (When response time is i n f i n i t e ,  no  
t r a n s a c t i o n s  a r e  processed) 
Response t i m e  r e p r e s e n t s  t i m e  s p e n t  a t  the t e r m i n a l  wa i t ing  f o r  "something 
t o  happen." General ly,  an o p e r a t o r  a c c m p l i  shes  nothing dur  ing t h i s  i n t e r v a l .  
So t h e  longer  t h e  i n t e r v a l ,  t h e  less time w i l l  be a v a i l a b l e  t o  p rocess  
2ddi  t i o n a l  t r a n s a c t  ions  and v i c e  versa .  Thus, t r a n s a c t  i o n  v o l  me d e c r e a s e s  a s  
b 
response time i n c r e a s e s  a s  proposed by Hypothesis 1. 
- 
(Transact  ions  dec rease  when res_mnse time 
dT < a i nc reases )   RT 
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~ r ~ s a c t i o n  volume is zero  when response time i s  i n f i n i t e  (i .e.? t h e  
system i s  "down"), a s s m i n g  someone spends t i m e  a t  t h e  t e r m i n a l  a t tempt ing t o  
p r o c e s s  t r a n s a c t i o n s .  Knowing t h i s ,  one  can conclude t h a t  the  r e l a t i o n s h i p  
between t r a n s a c t i o n  volume and response t i m e  cannot  be l i n e a r .  If  it were 
l i n e a r ,  t r a n s a c t i o n  volume would have t o  equal  z e r o  a t  a va lue  of response time 
much less than i n f i n i t y .  From observing on- l ine  s y s t m  o p e r a t i o n ,  some 
t r m s a c t i o n s  axe processed even when response time exceeds one minute o r  more- 
In  o rde r  t o  approach ze ro  asympto t i ca l ly ,  i n c r e a s e s  i n  response  time must c a u s e  
less and l e s s  of a r educ t ion  i n  t r a n s a c t i o n  volume. lZlis m e m s  t h a t  the  s fope  
of t he  f u n c t i o n  cannot  be c o n s t a n t ,  but  must i n c r e a s e  (i,e., approach ze ro )  a s  
response time i n c r e a s e s .  
2 d T 
- 
(As r e s p n s e  tine i n c r e a s e s ,  i t s  impact on 
d ~ T 2  > t r a n s a c t i o n  volume dec reases )  
3) Errors. When response time becomes l eng thy ,  o p e r a t o r s  a r e  l i k e l y  t o  
l o s e  t h e i r  p l a c e  i n  r equ i red  sequences, become d i s t r a c t e d ,  or lose t h e i r  t r a i n  
o f  thought ,  When Lhis occurs ,  i t  is a n t i c i p a t e d  t h a t  errors w i l l  i nc rease .  
Thus, the longer  t h e  response  t i m e ,  t h e  g r e a t e r  t h e  n m b e r  o f  e r r o r s  and v i c e  
versa .  
HYPOTEESIS 2: E r r o r s  or e r r o r  r a t e s  va ry  d i r e c t l y  w i t h  
.. 
system response time. 
Tfiis hypothes is  is  based upon t h e  r e s e a r c h  o f  Will iams (1975)  who found 
r n a t  errors were e s s e n t i a l l y  c o n s t a n t  when response tiiie w a s  less than 15 
seconds. Between 15 and 30 seconds, however, t h e y  inc reased  sha rp ly .   quat ti on 
I 
(2 )  can  be used t o  test  Bypcthes is  2: 
'WT 
E = AT exp 
where: E = t o t a l  number of errors per  day 
h = base error r a t e  per t r a n s a c t i o n  
T = t o t a l  t r a n s a c t  ion  volume 
A= l e a r n i n g  o r  exper ience  f a c t o r  
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exp = base "en = 2.7183 
3' = ra te  of change i n  e r r o r s  per  day due t o  response t ime 
RT = response time 
!%is model states that errors are equal to zero when no transactions are 
processed. The constant factor "A'' says that individuals make more errors as 
they process more transactions, A t  the same time, the exponent n&n suggests 
that as operators process more transactions, they becme more proficient and 
tend to make errors a t  a decreasing rate, 
E =  OwhenT= O (no errors occur when no transactions 
are processed) 
dE (errors increase as transact ions volurne increases) 
- >  0 dT 
d 2 ~  < 
-
(errors increase more slowly as transaction 
dT2 volume increases) 
me exponential term &.lows minimum errors to occur when res_mnse t h e  is 
equal to  zero. In addition, it enables errors to  increase a t  an increasing 
rate as response time increases. 
- dE = o h e n  RT = o 
dRT (Errors are a t  a minimum when RT = 0) 
dE 
- > 0 when RT > O 
dRT (Errors increase as response time increases] 
d 2~ 
- > O when RT > 0 d ~ ~ 2  (Errors increase more quickly as 
reswnse time increases) 
where : 
dE 
- =  
f i r s t  derivative or slope of errors w i t h  respect 
dRT to response t h e  
2 d E second derivative or rate of change of the sfope 
- -  - 
dR~2 or errors w i t h  respect to response time 
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3) Prduct ivi ty .  A productive transaction i s  one that does not contain 
errors. When a transaction is rejected by the system, it must be 
corrected and resubmitted. Total productivity is the difference between the 
to ta l  transaction volume and total  errors. 
BYPOTKESIS 3: Operator productivity varies ir'versely wit& 
system response time. 
Operator productivity is the difference between total transactions and 
total  errors: 
Where: P = t o t a l  productive transactions 
T = to ta l  transaction volume 
E = errors 
This expression i s  estiqatec? by a direct substitution of the expressions 
fsr  total  transactions and total  errors, Thus,  Hypothesis 3 is dependent u p n  
the results of testing Hypothesis 1 and Rypothesis 2. 
Job satisfaction, %hen response time is slow, operators become concerned 
about the cause of the poor response time, apparently affecting their actions 
i n  and feelings about their jobs. When response time is adequate, system 
performance is taken for granted and is not a factor. Thus: 
IiYPOTHESIS 4: Feelinas of job satisfaction are affected 
adversely by longer system response time. 
AS explained i n  detai l  below, the fourth hypothesis was tested through the 
t .  
, administration of the JDI a t  three points i n  times. 
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RESEARCH DESIGN 
Environment 
The r e s e a r c h  was conducted i n  t h e  C i r c u i t  Layout (2L) o r g a n i z a t i o n  of a 
l a r g e  midwestern u t i l i t y .  CL h a s  over one hundred clerks who u t i l i z e  f i v e  
on- l ine  systems wib& a t o t a l  t r a n s a c t i o n  volume exceeding 70 ,000  per  day,  The 
purpose of t h e  o r g a n i z a t i o n  is to  i s s u e  c i r c u i t  o r d e r s ,  a c t u a l l y  i n s t r u c t i o n s  
to  make s p e c i f i c  connect ions ,  d i sconnec t  i o n s  or modi f i ca t ions  to i n t e r s t a t e  
te lephone c i r c u i t s ,  
Opera tor  p r e p a r a t i o n  of t r a n s a c t i o n s  is somewhat c m p l e x ,  F i r s t ,  t h e  
o p e r a t o r  must determine t h e  requirements f o r  a c i r c u i t  from a p r i n t o u t  t h a t  is  
provided. Typica l  x q u i r e m e n t s  a r e  add, change, d i s c o n t i n u e ,  r e d e s i g n a t e ,  
c a n c e l  and modify. I f  t h e  c i r c u i t  is  to  be added, the opera to r  must e n t e r  one  
t r a n s a c t i o n  t o  dete,mine i f  t h e  o f f i c e s ,  o r  l o c a t i o n s ,  t h e  c i r c u i t  is to run 
between a r e  de f ined  and v a l i d .  I f  one or more o f  t h e  o f f i c e s  a r e  n o t  d e f i n e d ,  
t h e  o p e r a t o r  must conduct r e sea rch  and c m p l e t e  the  d e f i n i t i o n .  
Once the d e f i n i t i o n s  a r e  v e r i f i e d ,  t h e  o p e r a t o r  e n t e r s  a second 
t r a n s a c t i o n  t o  determine i f  a r o u t e  (or r o u t e s )  between in te rmedia te  t e l ephone  
o f f i c e s  is def ined.  If it is and h a s  s p a r e  c a p a c i t y ,  t h e  r o u t e  is selected. 
If a r o u t e  is not  de f ined  o r  t h e  r o u t e  has  no a v a i l a b l e  c a p a c i t y ,  t h e  o p e r a t o r  
must c o n s u l t  with va r ious  eng inee r s  t o  e s t a b l i s h  a r o u t e ,  de termine  an  
L 
a p p r o p r i a t e  rou te  wi th  c a p a c i t y  o r  de termine  i f  e q u i p e n t  w i l l  be r e l e a s e d  on 
t h e  d e s i r e d  r o u t e  i n  t ime t o  meet due d a t e s ,  
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TJp to now, t h e  opera to r  has  s imply v e r i f i e d  informat ion  r e l e v a n t  t o  t h e  
c i r c u i t .  From t h i s  po in t  on, t r a n s a c t i o n s  g e n e r a t e  changes to  d a t a b a s e s  and 
i n s t r u c t i o n s  to  f i e l d  personnel  t o  make changes to  p h y s i c a l  c i r c u i t s ,  
The t h i r d  t r a n s a c t i o n  is an i n q u i r y  t o  l o c a t e  s p a r e  t r ansmiss ion  equipment 
to  which t h e  c i r c u i t  can be assigned.  If no s p a r e  equipnent  e x i s t s ,  
c o n s u l t a t i o n s  wi th  o t h e r s  is again  r e q u i r e d ,  me f o u r t h  t r a n s a c t i o n  r e s e r v e s  
t h e  a p p r o p r i a t e  equipnent  f o r  t h i s  c i r c u i t .  m e  f i f t h  t r a n s a c t i o n  is  an 
i n q u i r y  to  locate s p a r e  o f f i c e  equipment f o r  t h e  c i r c u i t ,  Add i t iona l  
t r a n s a c t i o n s  may be requi red  i f  the f i r s t  t r a n s a c t i o n  f a i l s  to i d e n t i f y  t h e  
r equ i red  s p a r e  equipment. Once l o c a t e d ,  an a d d i t i o n a l  t r a n s a c t i o n  is r e q u i r e d  
to  rese rve  t h e  equipnent.  
A t  t h i s  p i n t ,  a  t r a n s a c t i o n  is entered  t h a t  g e n e r a t e s  a  te legram to t h e  
te lephone eng inee r  who is l o c a t e d  i n  another  c i t y ,  and LF1e o p e r a t o r  proceeds  
w i t h  t he  remaining s t e p s  of t h e  c i r c u i t  o rde r ,  The f i r s t  t r a n s a c t i o n  i n  t h i s  
p rocess  invo lves  t h e  e n t r y  of  a d m i n i s t r a t i v e  d a t a ,  inc lud ing  the c i r c u i t  o r d e r  
number, due d a t e ,  mileage,  r eason  f o r  adding t h e  c i r c u i t ,  and v a r i o u s  t e c h n i c a l  
informat ion ,  A l l  o f  t h i s  d a t a  is e i t h e r  included on t h e  source  documents or is  
der ived  by t h e  opera to r  using d e c i s i o n  tables or o t h e r  a ids .  
Next, c i r c u i t  l a y o u t  d a t a  is def ined ,  d e s c r i b i n g  t h e  equipment r e s e r v e d  
and r o u t e s  def ined e a r l i e r ,  Th i s  t a s k  could  r e q u i r e  numerous t r a n s a c t i o n s ,  b u t  
is u s u a l l y  f i v e  o r  less. A s i n g l e  t r a n s a c t i o n  is then e n t e r e d  t o  i n c l u d e  n o t e s  
i - 
I 
or any s p e c i a l  information r e l e v a n t  to t h e  c i r c u i t ,  comple t ing  e n t r y  f o r  t h a t  
c i r c u i t .  
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The CL o p e r a t i o n  is t o t a l l y  dependent upon on- l ine  systems. When t h e  
systems a r e  "downR, work f u n c t i o n s  cannot  be completed. Manual methods were 
d i scon t inued  and f o r g o t t e n  s e v e r a l  y e a r s  ago. In t h e  p a s t ,  when response  t ime  
became slow,l  u s e r s  maintained t h a t  system performance was i n t e r f e r i n g  wi th  
t h e i r  a b i l i t y  to  complete t h e i r  jobs  on schedule.  A s i g n i f i c a n t  amount of 
over t ime was requ i red  i n  some c a s e s  to c a n p l e t e  necessary  work func t ions .  
Experimental Design 
Over 100 CRT t e rmina l s  a r e  l o c a t e d  on t h e  t h i r d  f l o o r  of CL's main bu i ld -  
ing.  Of t h e s e  t e rmina l s ,  19  a r e  i s o l a t e d  and t h e s e  t e r m i n a l s  and t h e i r  opera- 
t o r s  c o n s t i t u t e d  an exper imenta l  group. The r e m a b i n g  t e m i n a l s  and o p e r a t o r s  
formed a c o n t r o l  group. 
The J D I  ques t ionna i r e  w a s  adminis te red  t o  both  groups i n  a conference  room 
i n  s e s s i o n s  o f  f i f t e e n  t o  twenty i n d i v i d u a l s  before  the experiment began. On 
t h e  t w e l f t h  ca lendar  day fo l lowing t h e  f i r s t  s e s s i o n ,  response  time f o r  t h e  
experimental  group w a s  degraded from an average of about  s i x  seconds to  1 4  
seconds where it remained f o r  four  days. Nei ther  t h e  o p e r a t o r s  nor t h e i r  
su-pervisors were aware o f  LFle change. The c o n t r o l  g roup ' s  average  response  
time was maintained a t  t h e  s i x  second l e v e l .  
During t h e  morning o f  the day t h a t  r e s p n s e  t ime r e t u r n e d  to  normal, t h e  
J D I  q u e s t i o n n a i r e s  were repeated.  The s u b j e c t s  were i n s t r u c t e d  t o  i n d i c a t e  how 
they c u r r e n t l y  f e l t  and n o t  t o  t r y  t o  remember what t h e i r  p rev ious  answers may 
have been. About e i g h t  weeks a f t e r  t h e  second s e s s i o n ,  a t h i r d  q u e s t i o n n a i r e  
I . s e s s i o n  was held.  
I 
1 ~ i :  one po in t  i n  the  past, average response time var ied  between 15 and 20 
seconds, 
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Data C o l l e c t i o n  
Data on t r a n s a c t i o n s  volumes, a c t i v e  t ime and response t i m e  were monitored 
by t h e  system. The u n i t  of a n a l y s i s  i n  t h i s  s tudy is  t h e  person-day; t h e r e  
were 1174person-days worth of observa t ion .  Each person-day provides  one v a l u e  f o r  
a c t i v e  t ime,  t o t a l  number of t r a n s a c t i o n s ,  average response t ime ( f o r  a l l  of 
t h e  o p e r a t o r ' s  t r a n s a c t i o n s  t h a t  day) and t o t a l  e r r o r s .  
The Job D e s c r i p t i v e  Index (JDI) ques t ionna i r e  completed by t h e  o p e r a t o r s  a s k s  
respondents  t o  put  a  "Y" bes ide  an i t e m  i f  i t  desc r ibes  t h a t  a spec t  of t h e i r  j obs  
u s ing  on-l ine computer systems. I f  t h e  i tem does n o t  d e s c r i b e  t h a t  a spec t  of 
t h e i r  job ,  t h e y  put  an "N" bes ide  t h e  i t e m .  I f  they  cannot dec ide ,  t hey  p l a c e  a  
rrlv 
, bes ide  t h e  item. The sco r ing  of t h e  J D I  r e s u l t s  i n  a  s c o r e  of 3 i f  someone 
i s  s a t i s f i e d  w i t h  a  s p e c i f i c  a spec t  of a  j o b  and a  s c o r e  of 0 i f  someone is  d i s -  
s a t i s f i e d .  Response t ime,  t r a n s a c t i o n s  voiume, e r r o r  r a t e s  and o t h e r  d a t a  were 
ga thered  from on- l ine  system l o g  t apes .  This  in format ion  was c o l l e c t e d  f o r  t h e  
t h r e e  days p r i o r  t o  each ques t ionna i r e  s e s s ion .  
DATA AVkiYSIS &?D RESULTS 
Tota l  Transac t ion  Volume 
To t e s t  Hypothesis 1, a l i n e a r i z e d  form of Equation 1 was e s t ima ted  u s i n g  
r eg res s ion  a n a l y s i s  w i t h  t h e  response time and t r a n s a c t i o n  volume d a t a  c o l l e c t e d  
1 be fo re  each ques t ionna i r e  s e s s ion .  See Equation ( 4 )  and i t s  graph, F igu res  
Za and 2b. 
-977 -.032RT ( 4 )  T = 2.53 A exp 
T = t o t a l  number of t r a n s a c t i o n s  peg day 
A = Act ive  time i n  minu te s  
RT = r e sponse  time 
I R ~  = .81 SEE.! r.3024 F = 2531.7 P ,007 
T~~ = 10.5 P .0O? TA 70.0 P .001 
Linea r i zed  Fom 1nT = In& + 6 InA - YRT 
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F i g c r e  2a- Scatter ?lot - Total Transaction Volune vs. Respccse Time 
t I 
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The n e g a t i v e  exponent ia l  i n  t h i s  equat ion  i n d i c a t e s  t h a t  t o t a l  t r a n s a c t i o n s  
d e c l i n e  f o r  e a c h  a d d i t i o n a l  second of response  time. The r e s u l t s  s t r o n g l y  sup- 
p o r t  Hypothesis  1: t r a n s a c t i o n  volume is  i n v e r s e l y  r e l a t e d  t o  response  t ime.  
Total Errors 
14> t e s t  Hypothesis 2 ,  data were used to estimate a linearized. version of 
muation (2 )  . Examining the residuals (&he difference between t!!e actual 
and estimated values of total errors) from the regression on a problem was 
apparent. Almost a l l  residuals above +he 10 to  13 seconc? range were positive, 
indicating to ta l  errors i s  this region were areate; than estimated by the 
equation, The scatter plot indicated that errors do appear to  increase beyond 
th is  level. Therefore, the relationship of total  errors tr, respnse time mus t  
be "U" shaped and an appropriate model is: 
A (-#(R'ICK) D~ + S;(XIC-K) D ~ )  (5) E =/XT exp 
Were: E = to ta l  errors 
A = base error rate per transaction 
T = to ta l  transactions 
A = learning or experience factor 
ex? = base "en = 2,7183 
K = response time where minimurn errors occur 
$ = rate of change when response time less  than "K" seconds 
6 = ra te  of change when response time greater than "K" seconds 
RT = response t h e  
Tne new model has the same relationships w i t h  respect to total  
transactions as befare. Total errors decrease a t  resp9se times less than "K*, 
the breakpoint between decreasing and increasing errors. They increase a t  
L ' 
response times greater than "K". 
dE 
- < O when R T  < K seconds dRT 
dE 
- > 0 when RT > K seconds dRT 
- = O when RT = K seconds 
dRT 
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In order for errors to be minimized when response time is equal to some 
f in i t e ,  non-zero value, the rate of decrease i n  errors m u s t  decrease as 
tssponse time approaches the breakpoint K. When response time is greater than 
K, increasing response time would cause the rate of increase i n  errors t o  
increase. This means that the following must be true: 
- dLe > 0 when RT # K (Errors decrease a t  a decreasing rate 
dRT2 below RT = X; Errors increase a t  an 
increasing rate above RT = K 
A regression analysis on a Linearized form of Equation 5 using the error and 
response time data collected before each uuestionnaire session and the f i t ted  
values2 of total  transaction volume f r m  Equation ( 4 )  produces Equation ( 6 )  3: 
Where: E = to ta l  errors 
Tf lf f i t ted  values for total  transactions f o r  Equat ion ( 4 )  
RT = response time 
Dl = 1 when response time is less  than 1 2  seconds 
O otherwise 
D2 = 7 when response time i s  greater than 1 2  seconds 
0 otherwise 
nly called "Two stage least  squares". It i s  necessary to 
eliminate the izipact of randm errors from the f i r s t  equation on the second. 
3,- 
= .38 F = 243 SEE = ,7335 " = 24.2 (p < .001)  
'TF 
Linearized Form: l n E  - a n  +&lnTf + &(RT-R) D l  + &(RT-X) D2 
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The f u n c t i o n  is graphed i n  F igure  3; twelve seconds was determined t o  be the 
p o i n t  of minimum e r r o r s  by minimizing t h e  sum of squared r e s i d u a l s  a t ' v a r i o u s  
response  time l e v e l s .  
Th i s  equa t ion  p a r t i a l l y  sup-mrts  Hypothesis 2 which was based u p n  t h e  
c o n j e c t u r e  o f  p rev ious  au thors  and a s tudy  by B e l l  Labora to r i e s  (Miller, 7968; 
W i l l i a m s ,  7975) .  Beyond 12  seconds f o r  the  CL system, t h e  short- term memory of 
o p e r a t o r s  apparen t ly  begins t o  be exceeded, r e s u l t i n g  i n  l o s s  o f  p l a c e  i n  
r e q u i r e d  sequences, f o r g o t t e n  codes r equ i red  f o r  the  next e n t r y ,  etc. 
A s  response  t i m e  i n c r e a s e s ,  o p e r a t o r s  apparen t ly  work mere s lowly.  
Terhaps they double-check e n t r i e s ,  l o o k  up cde s ,  e tc. , because they  know t h e  
response  time w i l l  be n o n - t r i v i a l .  I f  they  submit an i n c o r r e c t  e n t r y ,  t h e y  
must c o r r e c t  and re-enter  it, i n c u r r i n g  t h e  response d e l a y  t w i c e  f o r  a  s i n g l e  
t r a n s a c t i o n .  
Operator  P r o d u c t i v i t y  
Equation (1) f o r  t o t a l  t r a n s a c t i o n s  and Equation ( 6 )  f o r  t o t a l  errors form 
a set o f  two simultaneous equa t ions  which were t o  e v a l u a t e  q u a t i o n  ( 3 )  on 
p r o d u c t i v i t y ,  F i r s t ,  t h e  va lue  f o r  "Tn was est imated and t h e  result s u b s t i t u t -  
ed i n t o  t h e  e r r o r  equat ion ,  me d i f f e r e n c e  was then computed to  a r r i v e  a t  t h e  
number of product ive  t r a n s a c t i o n s .  Rgsu l t s  a r e  shown i n  F i g u r e  4, 
F igure  4 suppor t s  Hypothesis 3 f o r  t h e  systems i n  the  research: total 
~ r o d u c t i v i t y  is i n v e r s e l y  r e l a t e d  t o  response time. 
2ab S a t i s f a c t i o n  
Methociolqy. To exp lo re  t h e  r e l a t i o n s h i p  between response  time and job  
s a t i s f a c t i o n  d a t a ,  matched t-tests, F- t e s t s  and cross-lagged c o r r e l a t i o n s 6  
were used. F i r s t ,  a  p r i n c i p l e  components f a c t o r  a n a l y s i s  us ing  varimax 
r o t a t i o n  was performed on q u e s t i o n n a i r e  d a t a  from the  f i r s t  s e s s i o n  f o r  both  
t h e  c o n t r o l  and experimental  group. 
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Figure  3a - Scatter Plot-Total  E r ro r s  vs. Response Tine 
Figure3.b- Tc;:al Err,?zs va .  Xcts?c.nse Z i z t  
(From Equation 6 )  
RLSIOHf E TIME 
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me p u r p o s e  of  f a c t o r  a n a l y s i s  is to  i d e n t i f y  v a r i a b l e s  t h a t  c lus te r  
together, a n  i n d i c a t i o n  they a r e  measuring c l o s e l y  r e l a t e d  items. These 
l tems a r e  grouped t o g e t h e r  by averaging t h e  response  t o  each of  t b e  q u e s t i o n s  
i n  the  group f o r  each ind iv idua l .  The r e s u l t s  of  t h e  f a c t o r  a n a l y s i s  sugaes ted  
t h e  grouping of v a r i a b l e s  i n t o  f a c t o r s  shown on Table 1.  
me r e s u l t s  were used t o  c m p u t e  d iEfe rence  scores for each i n d i v i d u a l  
between t h e  v a r i o u s  q u e s t i o n n a i r e  s e s s i o n s  (i,e.,  t i m e  1 minus t ime 2 ;  t iqe 2 
minus time 3; t ime 1 minus time 3 ) .  lhese d i f f e r e n c e  s c o r e s  were used to 
perform tests t o  de termine  i f  s t a t i s t i c a l l y  s i g n i f i c a n t  changes between t h e  
eonerei  and exper inrental groups had occur red. 
F igure  5 i l l u s t r a t e s  t h e  approach used i n  cross-lagged c o r r e l a t i o n  
a n a l y s i s .  The purpuse is to i s o l a t e  the  cause  and d i r e c t i o n  of a change i n  t h e  
v a l u e  o f  a v a r i a b l e .  It invo lves  measuring two v a r i a b l e s  a t  t w o  p o i n t s  i n  
t ime,  S i x  c o r r e f a t i o n s  a r e  ccntputed, one  f o r  each p a i r  of v a r i a b l e s .  
The c o r r e l a t i o n s  r1  and r3 a r e  c a l l e d  synchronous c o r r e l a t i o n s ,  r and r4 2 
a r e  a u t o c o r r e l a t i o n s  ( c o r r e l a t i o n  of a v a r i a b l e  on i t s e l f  a t  a l a t e r  point in  
t i m e ) ,  r and r6 a r e  c a l l e d  cross-lagged c o r r e l a t i o n s .  5 
I f  t h e  cross-lagged c o r r e l a t i o n  t h a t  has the  g r e a t e s t  magnitude 
is p o s i t i v e :  
%avid A. Kenny, "Cross-Lagged Panel  Cor re la t ion :  A T e s t  f o r  Spur iousness"  , 
Psychological  B u l l e t i n ,  Voi, 82,  No. 6 ,  1975, p, 887-903, 
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it would be. i p s s i b l e  t o  conclude one of t h e  following: 
1) Y c a u s e s  a dec rease  i n  X 
2 1 x c a u s e s  an inc rease  i n  Y. 
I f ,  on t h e  o t h e r  hand : 
w e  cou ld  conclude  e i t h e r :  
1) Y c a u s e s  an inc rease  i n  X 
2 X causes  a dec rease  i n  Y. 
Table 1 - D e f i n i t i o n  of Fac to r s  
Factor  Name Var i a b l e  N a m e s  
Co-worker T r a i t s  S t imula t ing  , B r i n g ,  Slow, iknbitious, S tupid ,  
F a s t ,  I n t e l l i g e n t ,  Easy To Make Enemiesc Smart,  
Lazy, Unpleasant ,  Active,  Loyal. 
Response Time TOQ Slow, The Response T h e  Lately  
Slows M e  Down. 
Income Income adequate for normal expenses, underpaid, bad. 
Supervisor  A b i l i t i e s  I n f l u e n t i a l ,  Up To Date, Knows Job  W e l l ,  I n t e l f i -  
gent ,  &.round 'When Needed. 
Supervisor  - 
Shortcomings 
Supervisor  - 
TV 2 
- . e ~ a t i o n s h f  ps 
i ' 
S a t i s f a c t i o n  
Hard To P l e a s e ,  Impol i t e ,  Doesn't  Supervise  Enough, 
Hard To Meet . 
P r a i s e s  Good Work, Tells Me i jhere I Stand. 
Fasc ina t ing ,  Routine,  Challenging.  
Job  - Environment Crea t ive ,  Hea l th fu l .  
On-Line System U s e  I Enjoy Using On-Line Systems, I Like The Terminal  I 
U s e  Most O f  ten .  
System Down Too Much System Clown Too Much. 
System Performance and Sum of system quest ions 
Design 
Supervision Sum of supervision quest ions 
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If t h e  cross-lagged c o r r e l a t i o n  t h a t  h a s  t h e  g r e a t e s t  magnitude i s  
n e g a t i v e ,  t h e  conc lus ions  a r e  reversed .  
T n  t h e  p r e s e n t  s i t u a t i o n ,  Y is  response time. Since  response time i s  
c o n t r o l l e d  by t h e  computer, response  t i m e  can on ly  a f f e c t  s a t i s f a c t i o n  s c o r e s ;  
s a t i s f a c t i o n  s c o r e s  cannot  a f f e c t  response  time. 
Using t h e  grouping of  v a r i a b l e s  t o  f a c t o r s  shown on Table 1, both  matched 
"t" tests and "F" tests were performed on d i f f e r e n c e  s c o r e s  to determine  i f  a  
change i n  s a t i s f a c t i o n  had occurred ,  Table 2 shows the f a c t o r s  t h a t  
demonstrated s t a t i s t i c a l l y  s i g n i f i c a n t  changes. The matched "t" tests, a s  
shown i n  t h e  t a b l e ,  i n d i c a t e  t h e  presence  of  change i n  t h e  average responses  o f  
inc i iv iduals  between the  c o n t r o l  and exper imenta l  groups. Clanqes, however, can  
occur i n  both  d i r e c t i o n s  s imul taneously ,  cance l ing  any e f f e c t  on tile average ,  
m e r e f o r e ,  t h e  "FR test  w a s  c m p u t e d  t o  de termine  the  presence  of  high v a r i -  
a b i l i t y  i n  t h e  responses.  
'me s t a t i s t i c a l l y  s i g n i f i c a n t  cross-lagged c o r r e l a t i o n s  a r e  shown on 
F igure  6. mese r e s u l t s  p a r t i a l l y  s u p p o r t  Hypothesis 4: f e e l i n g s  of  job  
s a t i s f a c t i o n  are adverse ly  a f f e c t e d  by poor response time. The d i r e c t i o n  of 
change summarized below i n d i c a t e s  an  i n c r e a s e  o r  d e c r e a s e  i n  s a t i s f a c t i o n ,  
based upon t h e  d i f f e r e n c e  s c o r e s  i n  t h e  exper imenta l  group a s  c a n p a r d  to t h e  
c o n t r o l  group, Except a s  noted ,  changes occurred  i n  t h e  exper imenta l  group 
whi le  t h e  c o n t r o l  group remained s t a b l e ,  
COWRECER TRAITS - Showed a mild improvement wi th  poor response  t i m e .  I t  
decreased when response time re tu rned  to normal, 
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SATISFACTION WITE RESPONSE TI*= - Dropped wi th  poor response time and improved 
when response time re turned t o  normal. 
SUPERVISOR ABILITIES - S a t i s f a c t i o n  showed an inc rease  wi th  more v a r i a t i o n  wi th  
p r  response  time, The cross-lagqed c o r r e l a t i o n s  i n d i c a t e  t h a t  i t  decreased 
when r e s p n s e  t ime re turned t o  normal, b u t  t h e r e  was no long-term impact. 
SUPERVISOR SElORTCOMXNGS - S a t i s f a c t i o n  improved with more v a r i a b i l i t y  with - m r  
response time, When response time re turned t o  normal it remained a t  h igher  
l e v e l s .  
SUPERVISOR RELATIONS - Increased with poor response time and mved  lower when 
response t i m e  r e tu rned  t o  normal; showed more v a r i a t i o n  over t h e  long term. 
SATISFACTION - T h i s  ca tegory  decreased wi th  more v a r i a t i o n  wi th  poor response 
time; no long-term impact was apparent ,  
JOB m:VIROmNT - With poor response time, both  an immediate and long-term 
decrease  i n  s a t i s f a c t i o n  with t h e  job envirorment r e s u l t e d ,  . 
3N-LINE S Y S m  USE - S a t i s f a c t i o n  wi th  on-l ine systems decreased wi th  poor 
response t i m e ,  When response t i m e  re turned to  normal, mixed r e s u l t s  were 
ind ica ted .  No long-term impacts a r e  apparent .  
SYSTEM DOWN TOO MliCH - Higher s a t i s f a c t i o n  and less v a r i a t i o n  with -poor 
response t ine .  Tfie lower v a r i a t i o n  continued when response t h e  re tu rned  t o  
normal. and f o r  t h e  long-term, 
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IMPLICATIONS 
me g r e a t e s t  s t r e n g t h  of t h e  s tudy  i s  t h a t  it included experienced 
o p e r a t o r s  i n  a " l i v e "  production s i t u a t i o n ,  The information processed d u r i n g  
t h e  s t u d y  represen ted  s e r i o u s  t r a n s a c t i o n s  t h a t  were a p o r t i o n  of t h e  user  
o r g a n i z a t i o n ' s  normal bus iness ,  Opera tors  i n  t h e  s tudy  had a major p e r s o n a l  
4 
investment i n  t h e  on-line systems, a s  they used them on a day-to-day b a s i s .  
Also, t h e  e n t r y  t a s k  is r e l a t i v e l y  complex when t h i s  system is compared to  
o t h e r  on-1 i n e  a p p l i c a t i o n s  1 i k e  a r e s e r v a t i o n s  system. 
It was n o t  p o s s i b l e  i n  t h i s  s tudy  t o  va ry  response t i m e  t o  t h e  degree  
f e a s i b l e  i n  a l a b o r a t o r y  environment, m e r e f o r e ,  i t  was necessary  t o  p r o j e c t  
t h e  t r e n d s  f o r  c a s e s  where r e s p n s e  t ime was less than four  seconds and g r e a t e r  
than  24  seconds. It was necessary  +a l i m i t  changes i n  r e s p n s e  t h e  t o  
i n c r e a s e s  r a t h e r  than decreases  s i n c e  response time was a l r e a d y  reasonab ly  
f a s t ,  
P r o j e c t i o n s  beyond t h e  range of d a t a -  must always be made wi th  cau t ion .  In 
t h i s  case, however, t h e  p r o j e c t i o n s  requ i red  below four seconds and i n  t h e  24 
t o  29 second range a r e  no t  l a rge .  It is bel ieved t h a t  these  ranges a r e  
i n d i c a t i v e  of  on-l ine system behavior. Beyond 29 seconds, when, according t o  
t h e  models, e r r o r s  exceed t r a n s a c t i o n s ,  it is c l e a r  t h a t  t h e  models a r e  not  
a ~ p r o p r i a t e  i n  t h e i r  p r e s e n t  form, 
T a t a l  Transact ions  
b ' 
Fran t h e  research model, i t  was p r e d i c t &  t h a t  t o t a l  t r a n s a c t i o n s  would 
t 
vary  i n v e r s e l y  with system response t i m e .  Th i s  p r e d i c t i o n  received s t r o n g  
suppor t  from the  equation f o r  t o t a l  t r a n s a c t  ions ,  de r ived  above. U t i l i z i n g  
t h i s  model, one can examine "he degree  of impact t h a t  response time has  on 
t o t a l  t r a n s a c t i o n  volume f o r  t h e  system i n  t h e  research:  
T - T  2 -.032(RT2 - RTl) 
&T% = x 100% = (exp - 1 f x l  
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h i e r e :  T, I n i t i a l  t r a n s a c t i o n  volume 
T F i n a l  t r a n s a c t i o n  volume 
RT: = I n i t i a l  r e s p n s e  t ime 
RT2 = F i n a l  response time 
Chanaes i n  t r a n s a c t i o n  volumes f o r  s p e c i f i c  response time l e v e l s  can be 
computed from t h i s  equation.  Note t h a t  t h e  pe rcen t  change i n  t r a n s a c t i o n  
volume is dependent only  on response  t h e .  Table 3 prov ides  an i f  l u s t r a t i o n  of 
t h e  impact o f  s p e c i f i c  response t h e  changes on t r a n s a c t i o n  volume. 
A s s u m e  one would l i k e  to improve average response time f r m  s i x  seconds to 
four seconds,  and has  determined a modi f i ca t ion  t o  t h e  t e l e p r o c e s s i n g  network 
t h a t  should a l l o w  t h i s  degree  of improvement. I f  each t e rmina l  is a c t i v e  f o r  
an average o f  200 minutes per  d a y  ( t h e  CL average rounded t o  t h e  n e a r e s t  f i v e  
minutes)  a n  inc rease  i n  t r a n s a c t i o n  volume of 6.65 (£ran  269 t o  286) w i l l  
r e s u l t  , 
Tahle 3 - Percent  Change i n  T ransac t ions  Volume v s .  Response Time i n  Seconds 
Er ro r s  
Or ig ina l ly  it was p red ic t ed  t h a t  i nc reased  response  t i n e s  would cause  e r r o r s  
t o  i nc rease .  Apparently,  a s  response  time i n c r e a s e s ,  ope ra ro r s  i n i t i a l l y  u s e  
e x t r a  c a r e  i n  e n t e r i n g  a  t r a n s a c t i o n  so t h e y  w i l l  no t  i n c u r  t h e  l eng thy  
response delay twice  f o r  t h e  same a c t i v i t y .  
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The t i m e  r equ i red  f o r  v e r i f i c a t i o n  depends upon t h e  complexi ty  of  t h e  
t r a n s a c t i o n  and the  s k i l l  l e v e l  of t h e  opera to r .  Below some response  time 
l e v e l ,  it is f a s t e r  (hence more product ive  t o  the o r g a n i z a t i o n )  t o  l e t  t h e  
computer do  t h e  v e r i f i c a t i o n ,  r a t h e r  than double checking e n t r i e s .  C e r t a i n l y ,  
i f  i n d i v i d u a l  e r r o r  r a t e s  a r e  l o w ,  response  t i n e  must be high t o  j u s t i f y  
spending t h e  time to double c h e c k  an en t ry .  
A t  some p o i n t  (12 seconds i n  t h e  c u r r e n t  s tudy]  o p e r a t o r s  do  a p p a r e n t l y  
beg in  to lose t h e i r  p l a c e  i n  r equ i red  sequences, become d i s t r a c t e d  or l o s e  
t h e i r  t r a i n  of thought. me more resiponse time i n c r e a s e s ,  t h e  g r e a t e r  t h e  
problem it poses f o r  opera to r s .  E r r o r s  i n c r e a s e  f a s t e r  than t h e  i n c r e a s e  i n  
response  t i m e .  For t h i s  system, e r r o r s  a r e  minimized a t  t h e  b reakpo in t  o f  12 
seconds. 
The change i n  e r r o r s  due to a change i n  response time f o r  t h l s  s p s t e n  can 
be computed as: 
E -E 
x 100% (8 )  AE% = ---- 
El 
where: El = e r r o r s  a t  i n i t i a l .  response  time 
E 3 e r r o r s  a t  f i n a l  response  time 2 
S u b s t i t u t i n g  the  e r r o r  model i n t o  t h i s  equat ion ,  one  d e r i v e s  a  d e t a i l e d  
equa t ion  f o r  the  pe rcen t  change i n  errors due t o  a  change i n  response  t i m e :  
where: T% = percen t  change i n  t r a n s a c t i o n  volume due to a change 
i n  response t i m e  
B, = RT2D12 - RTIDll - 12(D12 - Dl?) 
B2 = RT2D22 - RT1D2, - 12(D22 - D21) 
RT1 = i n i t i a l  response t ime 
RT2 = f i n a l  response time 
DI1 = va lue  of Dl a t  i n i t i a l  response  t h e  
Dt2 = value  of Dl a t  f i n a l  response time 
D21 = value  of D2 a t  i n i t i a l  response time 
DZ2 = va lue  of D a t  f i n a l  response time 2 
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If t h e  i n i t i a l  and f i n a l  r e sponse  times are both  less t h a n  12 seconds  or b o t h  
g r e a t e r  t han  12  seconds,  t h e  e q u a t i o n  i s  g r e a t l y  s f n p l i  f ied. 
S u b s t i t u t i n g  t h e  a p p ~ o p r i a t e  v a l u e s  for t h e  dummy v a r i a b l e s ,  t h e  form f o r  
r e s p n s e  times under 12 seconds  becomes: 
AT% ,836 (lO)aE% = (1 + -1 AT% ,836 -.112(RT2-RT) 100 exP - *  ' I2'l x 700% = (7 + -) exP 1 x 100% 100 
If bo th  r e sponse  times a r e  g r e a t e r  t han  12 seconds:  
Table 4 shows t y p i c a l  changes in e r r o r s  caused by changes  i n  response  t h e  
when bo th  r e s p n s e  t i n e s  a r e  less than  12 seconds.  Tab le  5 shows changes  when 
b o t h  response  tines are g r e a t e r  t han  72 seconds. When i n i t i a l  and f i n d  
r e s p n s e  t i m e s  are on  o p p o s i t e  s i d e s  o f  the breakpo in t ,  t h e  f u l l  e q u a t i o n  must 
be used, 
The t a b l e s  and equa t ions  demonstrate  t h a t  e r r o r s  i n  t h i s  system i n c r e a s e  
when response t ime i n c r e a s e s  o r  dec reases  from 12 seconds. There is,  however, a 
major d i f f e r e n c e  i n  source  of t h e  e r r o r ,  When response t i m e  i s  l e s s  t han  12 sec-  
onds,  e r r o r s  i n c r e a s e  because o p e r a t o r s  a r e  appa ren t ly  less c a r e f u l  making e n t r i e s  
and spend less t ime checking codes f o r  c o r r e c t i o n s . *  When response  t ime  is  over  
12 seconds,  o p e r a t o r s  make e r r o r s  because they  become confused,  d i s t r a c t e d ,  o r  l o s e  
i n e i r  p lace .  Thus, when response t i m e  i s  l e s s  t han  12 seconds,  e r r o r s  a r e  an  
i n t e g r a l  p a r t  of normal on- l ine  system ope ra t ion .  When response  t ime  i s  g r e a t e r  
than  12 seconds, e r r o r s  i n d i c a t e  t h a t  normal system o p e r a t i o n  is  breaking  down. 
*A r e f e r e e  suggested a s l i g h t l y  d i f f e r e n t  explana t ion:  o p e r a t o r s  a r e  paced by 
t h e  system. When it  i s  f a s t ,  o p e r a t o r s  work qu ick ly  and make e r r o r s .  When t h e  
system is  slow, they  work more s lowly and c a r e f u l l y .  
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%ble 4 - Percen t  Glange E r r o r s  vs. Response Time 
( I n i t i a l  & F i n a l  Response Times Under 12 Seconds 
Table 5 - Percen t  Clange: E r r o r s  v s ,  Res;x;nse Time 
( I n i t i a l .  & F i n a l  Response Times Over 12 Seconds) 
Operator P r d u c t i v i t y  
Operator p r c d u c t i v i t y  is the d i f f e r e n c e  between total t r a n s a c t i o n s  azd 
t o t a l  e r r o r s .  The number o f  product ive  t r a n s a c t i o n s  per  day should  be a major 
concern of user  department managers, s i n c e  o n l y  pr oci u c t  i v e  tr a n s a c t  i o n s  r e p r  e- 
s e n t  u s e f u l  work. Unfor tunate ly ,  most on-l ine systems t o t a l l y  ignore  errors i n  
s o p o r t s  summarizing system opera t ion .  Assuming a c t i v e  time is equal  t o  200 
1 ' 
minutes per  day, t o t a l  t r a n s a c t i o n s ,  e r r o r s  and p r o d u c t i v i t y  f o r  v a r i o u s  
response time computed frm t h e  previous  r e s u l t s  are shown on Table  6 and 
Figure  7 .  
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Tsble  6 - Produc t iv i ry  vs .  R e s ~ o n s e  Time (A = 200) 
*** - Er ro r s  exceed t o c a l  t r a n s a c t i o n s  
Response j Totti1 i T o t a l  ( Product ive  I ; : o f 4  I Time i Transac t ions  1 Er ro r s  1 Transac t ions  I Second ?Level\ 
------------c-----------------------------------*-------------- 
287 1 49 1 238 100 % f I 
RESPONSE TIME + 
r i p r e  7 - Product ive Transac t ions  vs .  Response T i m e  
235 I 98.7 232 1 97.5 1 228 95.8 
224 94.1 
5 2 7 8 1 3  
269 1 37 
7 1 260 32 
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1 0  / 237 2 1  216 90.8  I 
222 236 I 86.6 1 4  i 79.0 1 1 6  I 26 165; 3 71.0 / 1 33 I 1 5  3 I i 63.0 ' 23 i 1 7 1  1 43 12 8 I 1 I I 53.8  , 22 f 1 6 1  I 55 , l r J  6 i 44.5 




26 ' 1 4 1  90 i 5 1 I 21.4 1 
27 1 137 3 5 I 14.7 1 
28 1 1 3 3  1 7  I I i 216 I j 7 .1  1 
29 1 1 2 8  129 x** - 
30 j 124 1 147 1 j - -'.& - t i 
! I 
8 1 352 2 8 
P r o d u c t i v i t y  appears  r e l a t i v e l y  f l a t  below s i x  seconds - 3  Transac t  i o n s  a t  
such l e v e l s  are r i s i n g  bu t  e r r o r s  a r e  i n c r e a s i n g  more quickly .  Therefore ,  from 
a p r o d u c t i v i t y  s t andpo in t ,  d i f f e r e n c e s  among f o u r ,  f i v e ,  o r  s i x  second response  
t ime a r e  r e l a t i v e l y  minor f o r  this sys tem.  
Once t h e  1 2  second l e v e l  is passed,  t r a n s a c t i o n  volume is decreas ing  b u t  
errors a r e  i n c r e a s i n g  and p r o d u c t i v i t y  beg ins  t o  f a l l  d r a s t i c a l l y ,  In  o r d e r  t o  
main ta in  p r o d u c t i v i t y  a t  reasonable  l e v e l s ,  t h e  v a s t  m a j o r i t y  (e-g. ,  988 o f  a l l  
t r a n s a c t i o n s  should be completed i n  1 2  seconds o r  less f o r  t h i s  system,)  
Job S a t i s f a c t i o n  
Based upon the  r e s u l t s  d i scussed  above, response  time a p p a r e n t l y  d i d  
a f f e c t  job  s a t i s f a c t i o n .  A s  noted ,  same o f  the c a t e g o r i e s ,  p a r t i c u l a r l y  t h o s e  
d e a l i n g  wi th  i n t e r p e r s o n a l  and superv i so ry  r e l a t i o n s ,  showed improvements. 
Mst i n d i c a t i o n s  r e tu rned  to  normal when response  t h e  r e tu rned  to  o r i g i n a l  
l e v e l s ,  Ca tegor ies  r e l a t e d  to t a s k s  o r  tools, such a s  "Response Time 
S a t i s f a c t i o n " ,  " S a t i s f a c t i o n n ,  and "On-Line System U s e "  an2 demonstrated lower 
s a t i s f a c t i o n  with poor response time, a s  p r e d i c t e d  ant! improved when res-mnse 
time re tu rned  t o  normal. 
30pthum p r o d u c t i v i t y  can be determined by f i n d i n g  t h e  maximum of t h e  
p r o d u c t i v i t y  func t ion ,  This  o c c u r s  a t  1.15 seconds f o r  t h i s  system, a  l e v e l  
t h a t  is not  p h y s i c a l l y  achievable  due to techno1 ogical. c o n s t r a i n t s .  
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In  i n t e r p r e t i n g  t h e s e  r e s u l t s ,  it is important  to c o n s i d e r  t h e  observed 
a c t i o n s  o f  many o f  Lhe o p e r a t o r s  who experienced slow response  t i m e .  
I i m e d i a t e l y ,  t h e y  began t o  r e p o r t  t r o u b l e s  on t h e  system t o  t h e i r  s u p e r v i s o r .  
me s u p e r v i s o r s ,  i n  t u r n ,  g e n e r a l l y  v e r i f i e d  t h a t  a problem d i d  e x i s t  and 
r e f e r r e d  it both  to t h e  d a t a  process ing s t a f f  in t h e i r  own o r g a n i z a t i o n  and 
d i r e c t l y  t o  t h e  computer c e n t e r .  The o p e r a t o r s  a l s o  complained to  each o t h e r  
about  the sys tem's  poor performance, suggested p o s s i b l e  c a u s e s  of and s o l u t i o n s  
t o  t h e  problem t o  t h e i r  s u p e r v i s o r s ,  inqu i red  i f  Lbe problem had been l o c a t e d  
and asked when response time would r e t u r n  to normal, The s u p e r v i s o r s  made 
r ; h i l a x  c c x m n i c a t i o n s  t o  t h e  s t a f f  group and t h e  computer c e n t e r .  
It has  been noted elsewhere t h a t  a s  t a s k  u n c e r t a i n t y  i n c r e a s e s ,  t h e  
p ropor t ion  of  v e r t i c a l  communications i n c r e a s e  while h o r i z o n t a l  communications 
e c r e a s e  (2andolph and Finch, 1977) . A t  t h e  same t h e ,  t h e  frequency of  bo th  
kypes s f  e-unications inc rease .  
The observed behavior of o p e r a t o r s  was c o n s i s t e n t  wi th  t h i s  premise. ?%zit 
is, faced  wi th  poor response t i m e ,  communications were d i r e c t e d  v e r t i c a l l y  i n  
an a t tempt  t o  reduce uncer t a in ty ,  The r e s u l t s  p o i n t  o u t  t h e  c r u c i a l  r o l e  of 
superv i so ry  management i n  he lp ing  workers cope wi th  problerns o f  t h i s  type .  
I n  the c u r r e n t  s tudy,  poor response time d e t r a c t e d  f r m  t h e  t a s k  a t  hand. 
?m i n c r e a s e  i n  i n t e r p e r s o n a l  i n t e r a c t i o n s  a p p a r e n t l y  accompanied *;ne poor 
response  time, Such an i n c r e a s e  i n  a f f i l i a t i o n  is probably r e s p o n s i b l e  f o r  the  
iaprovement i n  s a t i s f a c t i o n  s c o r e s  observed i n  c a t e g o r i e s  d e a l i n g  wi th  
, - 
I i n t e r p e r s o n a l  r e l a t i o n s .  
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Reductions i n  t a s k  s a t i s f a c t i o n  could be explained by loss of autonomy 
caused by poor response  t ime (Xackman and Oldham, 1975) ,  K o r k e r s  exper ience  
less c o n t r o l  over  the  flow o f  work  r e s u l t i n g  i n  lower i n t e r n a l  mot ivat ion .  An 
a l t e r n a t e  exp lana t ion  is t h a t  lower s a t i s f a c t i o n  r e s u l t s  from t h e  lower 
p r d u c t i v i t y  p o s s i b l e  under degraded response time c c n d i t i o n s ,  fo l lowing t h e  
" p r o d u c t i v i t y  causes  s a t i s f a c t i o n "  hypothes is  o f  Locke (1970) , P o r t e r  and 
Lawler (1968) and o t h e r s .  
CONCLUSION 
The system i n  t h i s  s tudy  is  c h a r a c t e r i z e d  by r a t h e r  complex t a s k s .  The 
s p e c i f i c  r e s u l t s ,  e s p e c i a l l y  t h e  p o i n t  a t  which e r r o r s  begin t o  r i s e  a s  response  
t i m e  i nc reases ,  would be  d i f f e r e n t  f o r  o t h e r  systems. However, i t  i s  p o s s i b l e  
t o  o f f e r  some conclus ions  based on t h e  o v e r a l l  r e s u l t s  of t h e  r e sea rch .  
Response t i n e  is n o t  e a s y  to  mainta in  a t  a s p e c i f i c  l e v e l ,  s i n c e  it is 
inf luenced by many f a c t o r s  inc lud ing  c m p u t e r  hardware, so f tware ,  d a t a s e t  
placement, o t h e r  jobs being processed,  d i f f e r e n c e s  i n  t r a n s a c t i o n  types 
processed from one day to t h e  next ,  t r a n s a c t i o n  volume, t r a n s m i s s i o n  l i n e  
u t i l i z a t i o n ,  l i n e  e r r o r s  and t h e  l i k e ,  When response t i m e  problems develop,  
even t h e  most s k i l l e d  t e c h n i c i a n  sometimes is faced w i t h  a confus ing a r r a y  o f  
i n t e r r e l a t i o n s h i p s  between t h e  v a r i o u s  system components. F requen t ly ,  t h e r e  i s  
n o t  a s i n g l e  cause  of t h e  groblem, b u t  v a r i o u s  f a c t o r s  working t o g e t h e r  to 
cause  a degradat ion .  
A s  supported by t h i s  s tudy,  response  time is impor tant  to u s e r  groups  
who a r e  dependent upon on- l ine  systems. It is d i f f i c u l t  t o  v i s u a l i z e  any o t h e r  
f a c t o r  normally encountered i n  bus iness  t h a t  has LFle p o t e n t i a l  t o  a f f e c t  an 
o r g a n i z a t i o n ' s  p r o d u c t i v i t y  t o  t h e  degree  p o s s i b l e  with on- l ine  systems. 
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Unfor tuna te ly ,  such impacts can s t r i k e  i n s t a n t l y ,  as t h e  system may go 
down o r  response  t ime may degrade without  warning. This  s tudy  provides  
cvidence t h a t  a degrada t ion  i n  response t imes  reduces job  s a t i s f a c t i o n  f o r  
o p e r a t o r s  a s  w e l l  a s  p r o d u c t i v i t y  when response t ime i s  excess ive .  
System performance, both response t ime and downtime, should be c a r e f u l l y  
managed. Performance r e s u l t s  should be reviewed d a i l y  o r  weekly. S t a t i s t i c a l  
q u a l i t y  c o n t r o l  procedures  should be used t o  main ta in  response  t ime 
wi th in  c o n t r o l  l i m i t s .  A s  soon a s  response t ime goes ou t  of s t a t i s t i c a l  
c o n t r o l ,  c o r r e c t i v e  a c t i o n  should be taken. Such e f f o r t s  should n o t  wai t  u n t i l  
response t ime has  d e t e r i o r a t e d  from an average of f i v e  seconds t o  an average  of 
t e n  seconds and caused s a t i s f a c t i o n  changes on t h e  p a r t  of o p e r a t o r s ,  
s i g n i f i c a n t  p r o d u c t i v i t y  l o s s e s  and dys func t iona l  i n t e rdepa r tmen ta l  r e l a t i o n s .  
Organiza t ions  a r e  implementing on-l ine systems i n  l a r g e  numbers. Ifany 
ind iv idua l s  o p e r a t e  t h e s e  systems,  and l i t t l e  work has been done t o  i d e n t i f y  t h e  
i m ~ a c t  of such systems on human ope ra to r s .  Hopeful ly,  more r e sea rch  w i l l  be 
forthcoming, a s  t h e  product ive  power of o r g a n i z a t i o n s  and t h e  job  s a t i s f a c t i o n  of 
many ind iv idua l s  may depend on t h e  r e s u l t s .  I f  t h e  p r o f e s s i o n  unders tands  how 
on-l ine systems behave and a f f e c t  people ,  it should be p o s s i b l e  t o  b u i l d  systems 
t h a t  a r e  both product ive  f o r  o r g a n i z a t i o n s  and s a t i s f y i n g  f o r  human o p e r a t o r s .  
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